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SUMMARY 

Recent work has demonst ra ted  t h e  p r o p u l s i v e  e f f i c i e n c y  improvements a v a i l -  
a b l e  from s i n g l e -  and c o u n t e r - r o t a t i o n  p rop fans  as compared w i t h  c u r r e n t  tech-  
no logy  h i g h  bypass r a t i o  t u r b o f a n s .  T h i s  paper examines t h e  concept  known as 
s w i r l  r e c o v e r y  vanes (SRV)  t h r o u g h  t h e  use o f  a th ree -d imens iona l  E u l e r  code. 
A t  h i g h  speed c r u i s e  c o n d i t i o n s ,  t h e  SRV can improve t h e  e f f i c i e n c y  l e v e l  o f  a 
s i n g l e - r o t a t i o n  p r o p f a n ,  b u t  a concern  i s  t o  have adequate hub choke marg in .  
The SRV was des igned w i t h  two-d imens iona l  methods and was p r e d i c t e d  t o  have hub 
chok ing  a t  a Mach 0 . 8  c r u i s e .  The th ree -d imens iona l  E u l e r  a n a l y s i s  p r o p e r l y  
accounts f o r  sweep e f f e c t s  and th ree -d imens iona l  r e l i e f ,  and p r e d i c t s  t h a t  a t  
c r u i s e  t h e  SRV w i l l  r e c o v e r  r o u g h l y  5 p e r c e n t  o f  t h e  10 p e r c e n t  e f f i c i e n c y  loss 
due t o  s w i r l  and have a good hub choke marg in .  

INTRODUCTION 

The h i g h  speed p r o p f a n  techno logy  began w i t h  s i n g l e - r o t a t i o n  c o n f i g u r a -  
t i o n s  and p rog ressed  t o  c o u n t e r - r o t a t i o n  p rop fans ,  wh ich  a r e  more e f f i c i e n t  
because t h e y  r e c o v e r  t h e  s w i r l  l o s s e s  a s s o c i a t e d  w i t h  h i g h  power l o a d i n g s .  For 
some a p p l i c a t i o n s  t h e  c o m p l e x i t y ,  c o s t ,  or w e i g h t  o f  a c o u n t e r - r o t a t i o n  i n s t a l -  
l a t i o n  i s  p r o h i b i t i v e .  An advanced concept  c u r r e n t l y  b e i n g  i n v e s t i g a t e d  i s  t h e  
use o f  a row o f  n o n r o t a t i n g  vanes beh ind  a s i n g l e - r o t a t i o n  p r o p f a n .  These 
s w i r l  r e c o v e r y  vanes can r e c o v e r  a s i g n i f i c a n t  f r a c t i o n  o f  t h e  s w i r l  loss and 
t h e r e b y  approach t h e  e f f i c i e n c y  o f  a c o u n t e r - r o t a t i o n  p r o p f a n ,  b u t  a r e  a much 
s i m p l e r  system. 
menta l  d e s i g n  developed t o  s t u d y  t h e  i n t e r a c t i o n  between t h e  p r o p f a n  and S R V ,  
w i t h  t h e  i n t e n t  o f  v e r i f y i n g  t h e  o v e r a l l  d e s i g n  concepts .  

T h i s  paper p r e s e n t s  an E u l e r  a n a l y s i s  o f  a p r e l i m i n a r y  e x p e r i -  

S i n g l e - r o t a t i o n  p r o p f a n  per fo rmance has been s t u d i e d  f o r  many d i f f e r e n t  
geomet r i es .  For one o f  these ,  t h e  NASA SR-3, d e t a i l e d  exper imen ta l  d a t a  e x i s t s  
a t  h i g h  speed c o n d i t i o n s  ( r e f s .  1 and 2 ) .  The c r u i s e  d e s i g n  p o i n t  f o r  t h i s  
e i g h t  b laded  p r o p f a n  i s :  
10.68 km (35 000 f t) ,  a t i p  speed o f  243.8 m/sec (800 f t / s e c >  and a power load-  
i n g  o f  301 kW/D2 (37.5 shp/D2).  
model p r o p e l l e r  ach ieved  a n e t  e f f i c i e n c y  o f  78 .2  p e r c e n t .  
b e l i e v e d  t h a t  t h e  poor  s p i n n e r  d e s i g n  l eads  to c o m p r e s s i b i l i t y  l o s s e s  i n  t h e  
b lade  root r e g i o n  which, a t  t h e  d e s i g n  p o i n t ,  amounts t o  about  a 2 p e r c e n t  loss 
i n  e f f i c i e n c y  ( 3 ) .  Thus, an improved hub desi’gn would be expec ted  t o  r a i s e  t h e  
n e t  e f f i c i e n c y  t o  r o u g h l y  80 p e r c e n t  a t  t h i s  d e s i g n  p o i n t .  Net e f f i c i e n c y  v a r -  
i a t i o n  w i t h  Mach number i s  shown i n  f i g u r e  1 ,  wh ich  i s  t aken  from r e f e r e n c e  3, 
for  t h e  model SR-3 as t e s t e d  and w i t h  an e s t i m a t e  f o r  hub l o s s e s  removed. 

a f r e e s t r e a m  Mach number o f  0 . 8 ,  an a l t i t u d e  of 

A t  co r respond ing  wind t u n n e l  c o n d i t i o n s ,  t h e  
I t  i s  c u r r e n t l y  



C o u n t e r - r o t a t i o n  p r o p f a n  per fo rmance t e s t i n g  i s  a r e l a t i v e l y  new f i e l d  
f o r  wh ich  l i m i t e d  performance d a t a  e x i s t s .  One example o f  a c o u n t e r - r o t a t i o n  
c o n f i g u r a t i o n  t h a t  was t e s t e d  a t  h i g h  speed i s  t h e  CRP-X1 p r o p f a n  ( r e f .  3 ) .  
The d e s i g n  p o i n t  f o r  t h i s  5 by 5 b laded  p r o p f a n  i s :  a f r e e s t r e a m  Mach number 
o f  0 .72 ,  an a l t i t u d e  o f  10.68 km (35 000 f t ) ,  a t i p  speed o f  228.6 m/sec 
(750 f t / s e c >  and a power l o a d i n g  o f  298.2 kW/D2 (37 .15  shp/D2>. F i g u r e  1 a l s o  
shows t h e  v a r i a t i o n  o f  n e t  e f f i c i e n c y  w i t h  Mach numbe.r a t  t he  des ign  Cp and 
t i p  speed fo r  t h e  CRP-X1.  A s  t e s t e d ,  t h e r e  i s  a 7 p e r c e n t  d i f f e r e n c e  i n  e f f i -  
c i e n c y  ( 5  p e r c e n t  w i t h o u t  SR-3 hub l o s s e s )  a t  Mach 0.8 and a s l i g h t l y  l a r g e r  
d i f f e r e n c e  a t  Mach 0 .72 .  

Whi le  a c o u n t e r - r o t a t i o n  c o n f i g u r a t i o n  has a n e t  e f f i c i e n c y  advantage over 
a s i n g l e - r o t a t i o n  d e s i g n  o f  t h e  same power l o a d i n g ,  i t  a l s o  has an a t t e n d a n t  
i n c r e a s e  i n  c o m p l e x i t y  and cost. A s i n g l e - r o t a t i o n  p r o p f a n  w i t h  s w i r l  r e c o v e r y  
vanes p r o v i d e s  an o p t i o n  between s i n g l e -  and c o u n t e r - r o t a t i o n  b o t h  i n  cost and 
per fo rmance.  Low-speed a n a l y t i c a l  ( r e f s .  4 and 5) and exper imen ta l  ( r e f .  6 )  
work on s w i r l  r e c o v e r y  from t h e  i n t e r a c t i o n  between p r o p e l l e r s  and wings has 
p r e d i c t e d  and demonst ra ted  t h a t  l a r g e  b e n e f i c i a l  i n t e r a c t i o n s  a r e  a v a i l a b l e .  
I t  i s  p o s s i b l e  t o  use p rop fan -w ing  i n t e r a c t i o n s  t o  r e c o v e r  s w i r l  a t  h i g h  
speeds, b u t  t he  w ing ,  h a v i n g  o n l y  two "b lades , "  w i l l  n o t  do i t  e f f i c i e n t l y .  

A majo r  concern  w i t h  t h e  use o f  s w i r l  r e c o v e r y  vanes i n  h i g h  power 
l o a d i n g - h i g h  speed c o n d i t i o n s  i s  t h e  p o s s i b i l i t y  o f  SRV b lade  root chok ing .  
Wi th  t h e  SR-3 s p i n n e r  t h e  loss was a p p r o x i m a t e l y  2 p e r c e n t  i n  e f f i c i e n c y .  For 
a SRV r e c o v e r i n g  r o u g h l y  5 p e r c e n t  i n  e f f i c i e n c y ,  s i m i l a r  compress ib i  1 i t y  
l o s s e s  would be a severe p e n a l t y .  I t  i s  t h e r e f o r e  i m p o r t a n t  t o  a c c u r a t e l y  
access t h e  b lade  per fo rmance.  The th ree -d imens iona l  m u l t i - r o w  E u l e r  a n a l y s i s  
i s  used t o  compare t h e  th ree -d imens iona l  c o n f i g u r a t i o n s  because i t  p r o v i d e s  
more and b e t t e r  i n f o r m a t i o n  than  t h e  coup led  use o f  th rough  f low and passage 
ana lyses .  T h i s  work i s  an a t t e m p t  to  v a l i d a t e  t h e  e f f i c i e n c y  b e n e f i t  o f  t h e  
SRV concept  and t o  i d e n t i f y  whether chok ing  i s  a p rob lem i n  t h e  p r e l i m i n a r y  
SRV des ign .  

SYMBOLS 

t h r u s t  c o e f f i c i e n t  = T/(pn2D4) 

power c o e f f  i c i en t = P /  (pn3D5) 

advance r a t i o  = Vo/(nD) 

p r o p e l l e r  d iamete r  

r e v o l u t i o n s  p e r  second 

number o f  chordwise  ( a x i a l )  g r i d  p o i n t s  

number o f  spanwise ( r a d i a l )  g r i d  p o i n t s  

number o f  g r i d  p o i n t s  i n  a b lade  passage 

f r e e s t r e a m  ( a x i a l )  i n f l o w  v e l o c i t y  
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T t h r u s t  

P power 

tl p r o p e l l e r  e f f i c i e n c y  = JCT/CP 

p f r e e s t r e a m  a i r  d e n s i t y  

GEOMETRY 

I n  an e f fo r t  t o  deve lop  SRV techno logy  for h i g h  speed p rop fans ,  a p r e l i m i -  
n a r y  s w i r l  r e c o v e r y  vane system was des igned under c o n t r a c t  t o  be o p e r a t e d  
downstream o f  t h e  e i g h t  b laded  s i n g l e - r o t a t i o n  SR-3. The S R - 3 / S R V  d e s i g n  p o i n t  
i s  a t  Mach 0.8,  w i t h  a power l o a d i n g  of 321 kW/D2 (40 shp/D2> a t  35 000 f t  
Th is  i s  an i n c r e a s e  i n  power l o a d i n g  from t h e  o r i g i n a l  SR-3 v a l u e  o f  301 kW/D2 
( 3 7 . 5  shp/D2> a t  35 000 f t .  
The SRV has 12 h i g h l y  loaded and s l i g h t l y  t ape red  vanes. The vanes a r e  f i x e d  
p i t c h  w i t h  very low t w i s t  and NACA 16 s e r i e s  a i r f o i l  s e c t i o n s .  

D e t a i l s  of t h e  SR-3 d e s i g n  a r e  i n  r e f e r e n c e  1 .  

The body geometry i s  s i g n i f i c a n t l y  d i f f e r e n t  t han  t h a t  o f  t h e  o r i g i n a l  
SR-3. 
t h e  SR-3 t h e  hub c o n t o u r  i s  changed: from t h e  p o i n t  o f  maximum d iamete r  a f t  
t h e  wasp-waist i s  changed t o  a c o n s t a n t  d iamete r  c y l i n d e r .  T h i s  a l l o w s  f o r  two 
a x i a l  p o s i t i o n s  of t h e  SRV: a near p o s i t i o n  a t  about  35 p e r c e n t  o f  t h e  SR-3 
d iamete r  from t h e  p i t c h  change a x i s  (PCA) of t h e  SR-3 t o  t h e  PCA o f  t h e  SRV, 
and a f a r  p o s i t i o n  a t  about  66 p e r c e n t  o f  t h e  SR-3 d iamete r  from PCA t o  PCA. 
The b l a d e  and vane p i t c h  s e t t i n g s  a r e  a l s o  a d j u s t a b l e .  
t e s t  r i g  f o r  h i g h  speed wind t u n n e l  t e s t i n g  i s  shown i n  f i g u r e s  2 and 3 a t  t h e  
near and f a r  spac ing  p o s i t i o n s .  

The SR-3 s p i n n e r  and p r o p e l l e r  a r e  t h e  same as t h e  o r i g i n a l ,  b u t  beh ind  

The geometry o f  t h e  

ANALYSIS METHOD 

The E u l e r  code used for these s t u d i e s  i s  t h a t  developed by Adamczyk 
e t  a l .  ( r e f s .  7 and 8 ) .  T h i s  code so l ves  f o r  t h e  th ree -d imens iona l  f low 
through an "average"  passage of a b l a d e  row. The s o l u t i o n  o f  a m u l t i p l e  row 
machine i s  handled t h r o u g h  an i n n e r  and o u t e r  loop p rocedure .  
uses a m o d i f i e d  Jameson f i n i t e  volume scheme w i t h  Runge-Kutta i n t e g r a t i o n  t o  
s o l v e  f o r  t h e  flow t h r o u g h  a s i n g l e  b l a d e  row. The o t h e r  row(s> d u r i n g  t h i s  
c a l c u l a t i o n  a r e  r e p r e s e n t e d  by d i s t r i b u t e d ' b o d y  f o r c e s ,  energy sources and c o r -  
r e l a t i o n s  a p p l i e d  to  t h e  c e l l s  swept o u t  by those rows. Once t h e  i n n e r  l o o p  
converges, t h e  ax i symmet r i c  average of t h e  i n n e r  l o o p  s o l u t i o n  i s  used t o  
update t h e  body f o r c e s ,  energy sources and c o r r e l a t i o n s  used t o  model t h a t  row 
when c a l c u l a t i n g  t h e  flow th rough  t h e  o t h e r  row(s). 
th rough  t h e  b l a d e  rows u n t i l  t h e  mean squared d i f f e r e n c e  between t h e  ax symmet- 
r i c  flow s o l u t i o n s  f a l l s  below a g i v e n  t o l e r a n c e .  Comparisons o f  exper mental  
d a t a  w i t h  c a l c u l a t i o n s  from t h i s  code for  a h i g h  speed c o u n t e r - r o t a t i o n  prop-  
f a n  show good agreement ( r e f .  9). 

The i n n e r  l o o p  

The o u t e r  l o o p  cyc e s  
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RESULTS 

The a n a l y s i s  of t h e  SRV began w i t h  a g r i d  s e n s i t i v i t y  s t u d y .  To s i m p l i f y  
t h i s  s t u d y ,  a l l  meshes had t h e  same p h y s i c a l  f a r  f i e l d  boundary l o c a t i o n s  and 
each had t h e  same number of p o i n t s  on  t h e  b l a d e  a x i a l l y  ( c h o r d w i s e ) ,  as w e l l  
as spanwise and i n  a b l a d e  passage. The i n f l o w  boundary i s  p h y s i c a l l y  l o c a t e d  
r o u g h l y  1 .5  SR-3 t i p  r a d i i  ups t ream o f  t h e  SR-3. The r a d i a l  boundary i s  a t  
about  2.5 SR-3 t i p  r a d i i ,  and t h e  o u t f l o w  boundary i s  about  1 .5  SR-3 t i p  r a d i i  
downstream of t h e  S R V .  F i g u r e  4 shows t h e  ( a x i a l ,  r a d i a l )  c o o r d i n a t e s  o f  t h e  
7 :7 :7  mesh. 

The mesh d e n s i t y  away from t h e  b lades  s c a l e s  a x i a l l y  w i t h  Na, and r a d i -  
a l l y  w i t h  N r ,  so t h e  N ' s  e f f e c t  t h e  mesh g l o b a l l y .  The s t u d y  was done w i t h  
t h e  SRV a t  t h e  f a r  spac ing  f o r  v a l u e s  o f  Na:Nr:Nc = 7 :7 :7 ,  9 :9 :9 ,  13:13:13, 
and 17:17:17. The meshes a r e  i n  a c y l i n d r i c a l  c o o r d i n a t e  s y s t e m  and a r e  a x i -  
s y m m e t r i c ,  i . e . ,  chang ing  t h e  c i r c u m f e r e n t i a l  i ndex  o n l y  changes t h e t a ,  n o t  
t h e  a x i a l  or r a d i a l  p o s i t i o n .  D e t a i l s  of t h e  meshes a r e  l i s t e d  be low.  

Mesh Parameters 

Na 
Nr- 
N C  

T o t a l  a x i a l  p o i n t s  
T o t a l  r a d i a l  p o i n t s  
T o t a l  az imu tha l  p o i n t s  
B lade t i p  g r i d  i n d e x  
SR-3 ead ing  edge index  
SR-3 t r a i l i n g  edge index  
SRV l e a d i n g  edge i n d e x  
SRV t r a i l i n g  edge index  

- 
7 
7 
7 

55 
14 

7 
7 

12 
18 
40 
46 

Values 
- 

9 
9 
9 

63 
17 

9 
9 

13 
21 
45 
53 
- 

13 
13 
13 

109 
27 
13 
13 
23 
35 
79 
91 

17 
17 
17 

125 
33 
17 
17 
25 
41 
89 

105 

The e f f e c t  o f  g r i d  d e n s i t y  on  t h e  o v e r a l l  performance parameters  ( t h r u s t  
c o e f f i c i e n t ,  power c o e f f i c i e n t ,  and e f f i c i e n c y )  g i v e s  a q u a n t i t a t i v e  measure 
o f  convergence t o  t h e  s o l u t i o n  for an i n f i n i t e  number o f  g r i d  p o i n t s .  
f e c t  on  power c o e f f i c i e n t  and e f f i c i e n c y  i s  p resen ted  i n  f i g u r e  5 f o r  t h e  
d e s i g n  p o i n t  c o n d i t i o n s  of a Mach 0.80 i n f l o w ,  an advance r a t i o  o f  3.26 and a 
power l o a d i n g  o f  r o u g h l y  321 kW/D2 a t  35 000 f t .  
n o t  absorb  a c o n s t a n t  power because o f  t h e  a f f e c t  o f  t h e  SRV. The r o t a t i o n a l  
speed, n, and d iamete r ,  D,  of t h e  SR-3 a r e  used i n  c a l c u l a t i n g  a l l  v a l u e s  o f  
CT and Cp. 

The e f -  

The f i x e d  SR-3 geometry does 

To c a l c u l a t e  system performance, t h e  sum of t h e  SR-3 and SRV t h r u s t  i s  
used i n  c a l c u l a t i n g  t h e  t h r u s t  c o e f f i c i e n t  and e f f i c i e n c y .  
f i g u r e  5, w h i l e  t h e  f i n e s t  mesh, 17:17:17, does n o t  y i e l d  t h e  a s y m p t o t i c  v a l -  
ues, i t  seems adequate f o r  t h i s  s tudy .  More i m p o r t a n t l y ,  t h e  system e f f i c i e n c y  
i s  conve rg ing  w i t h  mesh d e n s i t y ,  so i t  appears t h a t  t h e  f i n e r  meshes a r e  n o t  
demons t ra t i ng  ev idence o f  c o m p r e s s i b i l i t y  r e l a t e d  l o s s e s .  

R e f e r r i n g  a g a i n  t o  

F i g u r e  6 shows t h e  s u c t i o n  sur face  a b s o l u t e  Mach number c o n t o u r s  on  t h e  
SR-3 p r o p f a n  f o r  two mesh d e n s i t i e s :  13:13:13 and 17:17:17 w i t h  t h e  SRV a t  t h e  
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f a r  p o s i t i o n .  Abso lu te  Mach number i s  used because i t  enhances t h e  d i f f e r -  
ences, a l t h o u g h  r e l a t i v e  Mach number would n o r m a l l y  be shown because i t  i s  t h e  
f low f i e l d  seen by  t h e  moving b lade .  The d i f f e r e n c e s  between t h e  two s o l u t i o n s  
a r e  s m a l l .  The con tou rs  f o r  t h e  f i n e r  mesh show a s t r o n g e r  shock o u t b o a r d  near  
t h e  t r a i l i n g  edge, and a t  t h e  hub t h e  v e l o c i t i e s  a r e  s l i g h t l y  l o w e r .  

SR-3 SR-31Total 
i s o l a t e d  near  spac ing  

0.450 0.4471 0.469 
1 .go1 1.8971 1.897 

CT 
CP 

77.1 76.8 180.6 0, p e r c e n t  
Aq, p e r c e n t  3.5 

The p r e s s u r e  s u r f a c e  c o n t o u r s  show even l e s s  change t h a n  those  on t h e  suc- 
t i o n  s u r f a c e .  For t h i s  reason,  t h e  p r e s s u r e  s u r f a c e  c o n t o u r s  w i l l  n o t  be shown 
f o r  any of the  cases. 

A s i m i l a r  mesh e f f e c t  comparison i s  shown i n  f i g u r e  7 where t h e  Mach con- 
t o u r s  on  t h e  SRV a r e  shown f o r  t h e  13:13:13 and 17:17:17 mesh d e n s i t i e s .  
( A b s o l u t e  and r e l a t i v e  Mach number a r e  t h e  same on n o n r o t a t i n g  b o d i e s . )  Wi th  
t h e  f i n e r  mesh, t h e  o u t b o a r d  s o n i c  r e g i o n  i s  about  t w i c e  as l a r g e  i n  t h e  a x i a l  
and spanwise d i r e c t i o n s .  
t h e  hub where t h e  f low i s  above Mach 1.0. There a r e  no ma jo r  changes i n  t h e  
Mach con tou rs ,  n o r  i s  t h e r e  ev idence o f  chok ing  a t  t h e  hub. F i g u r e  8 p r e s e n t s  
a r a d i a l  p lane  one g r i d  l i n e  o f f  t h e  hub s u r f a c e  w i t h  Mach c o n t o u r s  i n  t h e  SRV 
b l a d e  passage. Aga in  t h e r e  a r e  smal l  d i f f e r e n c e s  due t o  mesh d e n s i t y ,  b u t  
t h e r e  i s  no  ev idence o f  chok ing .  

Also t h e  f i n e r  mesh has o n l y  a s i n g l e  g r i d  p o i n t  near  

SR-31Total 
f a r  spac ing  

0.4401 0.460 
1.8761 1.876 

76.4 180.0  
2 . 9  

The e f f e c t  o f  t h e  SRV on t h e  SR-3 p r o p f a n  a b s o l u t e  Mach c o n t o u r s  i s  shown 
i n  f i g u r e  9 as a f u n c t i o n  of spac ing .  
d e n s i t y .  The d i f f e r e n c e s  between t h e  i s o l a t e d  SR-3, t h e  f a r  spac ing  SR-3/SRV, 
and near  spac ing  SR-31SRV cases a r e  v e r y  s m a l l .  
show a s l i g h t  decrease i n  v e l o c i t y  as t h e  spac ing  goes from i s o l a t e d  to  f a r  t o  
near .  
The SR-3 power c o e f f i c i e n t  d rops  s l i g h t l y  w i t h  t h e  presence o f  t h e  SRV, b u t  i t  
i n c r e a s e s  g o i n g  Prom f a r  t o  near  spac ing  (see t h e  t a b l e  b e l o w ) .  
t h e r e  i s  v e r y  l i t t l e  e f f e c t  o f  t h e  SRV f o r w a r d  on  t h e  SR-3. 

The c a l c u l a t i o n s  use t h e  17:17:17 mesh 

The Mach c o n t o u r s  near  t h e  hub 

The t r a i l i n g  edge shock shows a s i m i l a r  s l i g h t  r e d u c t i o n  i n  s t r e n g t h .  

I n  g e n e r a l ,  
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I n  o r d e r  t o  p u t  these e f f i c i e n c y  improvements i n  p e r s p e c t i v e ,  t h e  e f f i -  
c i e n c y  loss due t o  s w i r l  from t h e  s i n g l e - r o t a t i o n  p r o p f a n  i s  l e s s  than  
10 p e r c e n t  a t  t h e  des ign  c o n d i t i o n .  T h i s  e s t i m a t e  i s  based on i d e a l  e f f i c i e n c y  
c a l c u l a t i o n s  u s i n g  t h e  method o f  r e f e r e n c e  10, c a r r i e d  o u t  fo r  s i n g l e -  and 
c o u n t e r r o t a t i o n  p r o p e l l e r s  a t  t h e  same o p e r a t i n g  c o n d i t i o n s .  Th is  method w i l l  
o v e r e s t i m a t e  t h e  e f f i c i e n c y  d i f f e r e n c e  because v i s c o u s  l osses  a r e  n o t  accounted 
f o r .  

The performance o f  the  SRV examined he re  i s  v e r y  good. Both  SRV spac ings  
show a s w i r l  loss r e c o v e r y  o f  r o u g h l y  t h r e e  p e r c e n t ,  and so p r o v i d e  a s i g n i f i -  
c a n t  f r a c t i o n  o f  the  e f f i c i e n c y  advantage o f  c o u n t e r - r o t a t i o n  w i t h  a system 
o n l y  s l i g h t l y  more complex t h a n  s i n g l e - r o t a t i o n .  
m e t r i c  average s w i r l  ang le  b e f o r e  and a f t e r  t h e  SRV a t  b o t h  t h e  near and f a r  
a x i a l  p o s i t i o n s .  The SRV r e c o v e r s  r o u g h l y  40 p e r c e n t  of t h e  s w i r l .  The SRV 
was designed t o  r e c o v e r  about  60 p e r c e n t  o f  t h e  s w i r l ,  so t h e  system e f f i c i e n c y  
w i t h  t h e  optimum b lade  ang les  shou ld  show an i n c r e a s e  o f  between 4 and 
5 p e r c e n t .  

F i g u r e  12 shows t h e  axisym- 

A s  an a s i d e ,  t h i s  des ign  was p r e d i c t e d  i n  separa te  work t o  exper ience  
f l u t t e r  b e f o r e  r e a c h i n g  t h e  d e s i g n  c o n d i t i o n .  The r e d e s i g n ,  t o  be used i n  t h e  
t e s t ,  w i l l  have e i g h t  b lades  and an i n c r e a s e d  chord  l e n g t h  a t  t h e  hub. T h i s  i s  
e s t i m a t e d  t o  reduce t h e  e f f i c i e n c y  r e c o v e r y  by  about  1 p e r c e n t .  

CONCLUSIONS 

An E u l e r  a n a l y s i s  o f  a s w i r l  r e c o v e r y  vane system was c a r r i e d  o u t  to  
de te rm ine  t h e  system performance. 
from t h i s  work: 

There a r e  t h r e e  main p o i n t s  t o  be drawn 

1 .  A t  t h e  Mach 0.8 c r u i s e  c o n d i t i o n ,  t h e  p r e l i m i n a r y  SRV des ign  had v e r y  
l i t t l e  e f f e c t  on  t h e  ups t ream p r o p f a n ,  even a t  a c l o s e  spac ing .  

2. The SRV was a b l e  t o  r e c o v e r  about  h a l f  o f  t h e  e f f i c i e n c y  loss due t o  
s w i r l  from t h e  s i n g l e - r o t a t i o n  p r o p f a n .  

3. The r e l a t i v e l y  low Mach numbers i n  t h e  passage o f  t h e  SRV show t h a t  
t h e r e  i s  a good hub choke marg in .  
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FIGURE 2. - SR-3/SRV TEST R I G  AT NEAR SPACING. 
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FIGURE 3. - SR-3/SRV TEST R I G  AT FAR SPACING. 

FIGURE 4, - EXAPPLE (AXIAL, RADIAL) ESH COORDINATES FOR A R S H  WITH 
Na:Nr:Nc e 7:7:7. 
THE $RV I S  AT THE FAR SPACING AND LOCATED AXIALLY FROM LINES 40 TO 
46. 

ME SR-3 I S  LOCATED AXIALLY FROM LINES 12 TO 18. 

THE T I P  OF EACH BLADE I S  RADIALLY AT LINE 7. 
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FIGURE 5. - OVERALL SR-USRV AERODYNAHIC PERFOR- 
MANCE VERSUS Na AT THE FAR SPACING. 

13: 13: 13 17: 17: 17 

MACH 
NUMBER 
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8 0.900 
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10 1.000 
1 1  1.049 
12 1.099 
13 1.149 
14 1.199 
15 1.249 
16 1.299 
17 1.349 

FIGURE 6. - MACH NUMBER CONTOURS ON THE SR-3 SUCTION SURFACE FOR THE 13:13:13 
AND 17:17:17 ESHES. THE SRV I S  PRESENT AT THE FAR SPACING. 
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NUMBER 
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12 1.099 
13 1.149 
14 1.199 
15 1.249 
16 1.299 
17 1.349 

13: 13: 13 17: 17: 17 

FIGURE 7. - M C H  NUMBER CONTOURS ON THE SRV SUCTION SURFACE FOR THE 
13:13:13 AND 17:17:17 HESHES. 
SPACING . THE SR-3 I S  PRESENT AT THE FAR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

NACH 
NUMBER 

0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1 .Ooo 
1.049 
1,099 
1,149 
1.199 
1.249 
1.299 
1.349 

13: 13: 13 17: 17: 17 

J 

FIGURE 8. - NACH NUMBER CONTOURS I N  THE PASSAGE OF THE SRV AT THE FIRST GRID 
SURFACE OFF THE HUB WITH THE 13:13:13 AND 17:17:17 mSHES. 
PRESENT AT THE FAR SPACING. 
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FIGURE 9. - MCHNUMBER CONTOURS ON THE SR-3 SUCTION SURFACE FOR THE ISOLATED. NEAR. AND 
FAR SPACING CONqGURATIONS. THE HESH PARAETERS ARE 17:17:17. 
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FIGURE 10. - MACH NUMBER CONTOURS ON THE SRV SUCTION SURFACE FOR 
THE NEAR AND FAR SPACING CONFIGURATIONS. 
ARE 17:17:17. 
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FIGURE 11. - M C H  NUMBER CONTOURS I N  THE SRV PASSAGE AT THE FIRST GRID 
SURFACE OFF T M  HUB FOR THE NEAR AND FAR SPACING CONFIGURATIONS. 
RESH PARAFETERS ARE 17:17:17. 
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